Racemic indan derivatives have been resolved by the hydrolysis of amide bonds using Corynebacterium ammoniagenes IFO12612 to produce (S )-amine and (R)amides. In the kinetic resolution of 1 ( N-[2-(6-methoxyindan-1-yl)ethyl]acetamide), it was possible to run the reaction to 44% conversion on a 10-g scale, obtaining (S )-amine 4 ((S )-2-(6-methoxy-indan-1-yl)ethylamine) at À99% enantiomeric excess (ee) and (R)-1 at 98% ee.
Lipases and microorganisms are useful in the enantioselective synthesis of chiral intermediates of drugs, and many examples of the hydrolysis of ester and amide bonds of unnatural substrates have been demonstrated. [1] [2] [3] [4] [5] Chiral indans are useful as intermediates for the synthesis of melatonin receptor agonists. 6) However, enzymatic resolution of the amides carrying chirality in indans has not been reported. Here we report the enzymatic resolution of indan racemic derivatives by bacteria ( Fig. 1) .
We screened 53 commercially available enzymes (lipases, proteases, esterases, acylases) and 340 bacterial strains for the ability to produce (S )-amine and (R)-amide with high enantioselectivity using 1 ( N-[2-(6-methoxy-indan-1-yl)ethyl]acetamide) 7) as a substrate. An enzyme (5 mg) suspended in 0.5 ml of suitable buŠer suitable buŠer, 0.1 M Tris-HCl buŠer (pH 7.0, 8.0, or 8.5) or 0.1 M Bis-Tris-HCl buŠer (pH 6.0), and a solution (25 ml) of 1 (20 mg) in methanol (1 ml) were mixed, and the reaction mixture was incubated at 379 C for 24 h with shaking. The culture (40 ml in 200-ml Erlenmeyer ‰asks) for inoculation of Trypticase Soy Broth (Becton Dickinson, USA) was taken from a stock slope grown on Trypticase Soy Agar (Becton Dickinson, USA). The culture was allowed to grow at 289 C for 24 h with shaking. The culture (0.5 ml) and the substrate solution (25 ml) were mixed and the reaction mixture was incubated at 379 C for 24 h with shaking. Each reaction mixture was extracted with ethyl acetate (0.5 ml). The organic layer was evaporated to dryness under reduced pressure and the residue was dissolved in methanol (50 ml) and analyzed by thin layer chromatography (TLC). TLC plates (100×200 mm silica gel 60 F254, layer thickness of 0.25 mm, Merck, BDH) were chromatographed in pre-equilibrated draught-proof glass chambers containing 200 ml of chloroform W methanol W triethylamine (90:7:3). Spots were seen with ultraviolet (UV) light. For measurment of the conversion and the enatiomeric excess of (S )-amine 4 and (R)-1, the reaction mixture (50 ml) was suspended in methanol (950 ml) andˆltered through a 0.45 mm cellulose acetateˆlter (Advantec Toyo, Ltd., Tokyo), and theˆltrate was analyzed by high pressure liquid chromatography (HPLC). HPLC analysis was done using an L7100 system (Hitachi, Ltd., Tokyo) with a CHIRAL-AGP column (Sumitomo Chemical, Ltd., Tokyo). For the HPLC analysis, 10 mM sodium acetate buŠer (pH 6.8) and 2propanol at a ratio of 95:5 were used as the mobile phase, the ‰ow rate was 0.5 ml W min, and detection was at 280 nm. Retention times were 5.16 min for (R)-1, 7.11 min for (S )-1, 8.64 min for (R)-2, 15.6 min for (S )-2, 6.23 min for (R)-3, 8.74 min for (S )-3, 10.7 min for (R )-amine, and 12.5 min for (S )- Commercially available enzymes, examined here, had no hydrolytic activity. From the screening, three bacterial strains, Corynebacterium ammoniagenes IFO12612, Serratia marcescens IFO12648, and Klebsiella planticola IFO3317 were selected. We examined the diŠerences in enantioselectivity between the various substrates, 7) and theˆndings are summarized in Table 1 . The bacteria showed a high enantioselectivity towards 1 and 2 ( N-[2-(6-methoxy-indan-1yl)ethyl] propanamide) and a lower hydrolytic activity toward 2 compared to 1. Furthermore, to assess whether the tri‰uoromethyl substituent would have an electronic eŠect, the kinetic resolution of 3 (2,2,2-tri‰uoro-N-[2-(6-methoxy-indan-1-yl)ethyl] acetamide) was done. C. ammoniagenes IFO12612 had a lower enantioselectivity toward 3 than 1. S. marcescens IFO12648, and K. planticola IFO3317 had no enantioselectivity toward 3.
The kinetic resolution of 1 on a 10-g scale was done using C. ammoniagenes IFO12612. The slope culture was transferred to a 200-ml Erlenmeyer ‰ask containing Trypticase Soy Broth (40 ml) and was shaken at 289 C for 24 h to obtain the seed culture. A portion (1 ml) of the seed culture was transferred to Trypticase Soy Broth (40 ml) in a 200-ml Erlenmeyer ‰ask. The culture was shaken at 289 C for 24 h to obtain the main culture. The substrate 1 (10.32 g) was dissolved in 516 ml of methanol. A portion (2 ml) of the substrate solution was added to each main culture and the reaction was done at 289 C with shaking. The course of the hydrolysis of 1 is shown in Fig. 2 . After 30 h, the reaction mixture was adjusted to pH 5 with 2 N HCl and extracted with ethyl acetate. The organic layer was evaporated to dryness under reduced pressure to yield a residue. The residue was puriˆed with silica gel column chromatography by eluting with 5z methanol in ethyl acetate. The eluate was evaporated under reduced pressure to aŠord (R)-1 as a crystalline solid (4.6 g, 45z yield, À99z ee):
[a]Hg365＝"61.69 (c 0.3, CHCl3), lit. 7 These analytical data were in good agreement with those of authentic reference substances. 7) The obtained (S )-amine 4 and (R)-1 were available as intermediates for the synthesis of melatonin receptor agonists.
